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TRIP A -  Saturday
GREATER BOSTON GEOMORPHOLOGY 
Robert L. N ichols, Tufts University*
Foster Street Stop. Brighton, Newton Quadrangle, Massachusetts; 0.3 mile north
of Chestnut Hill Reservoir.
To be seen:
(1) outcrop of Roxbury conglomerate
(2) g lac ia l grooving and striations
(3) dominant orientation of striations and grooves is N,27° - 35°W
(4) curved striations and striations to N .65 °W . caused by local
deflection of ice  flow by rock obstructions
Discussion:
(1) the N .10°-35°W . striations of the Boston area produced by late
Wisconsin, post-drumlin glaciation
(2) nature of deflection of ice  flow by small rock obstruction
Parker Hill Drumlin Stop, Boston, seen from Boylston St. , Brookline Village.
To be seen:
(1) shape and orientation of drumlin (Fig. 1)
(2) drumlin til l
(3) oxidation of t i l l
(4) position of bedrock high
Discussion:
(1) significance of depth of oxidation
(2) age of drumlin
(3) effect of later ice having different flow direction on drumlin
shape
Boston Government Center Stop, (the foundation excavation for the new City Hall
i f  this is still open; otherwise some other excavation in the area).
* The co-leader of this fie ld trip, C .A , Kaye, has been prevented, by pressures of 





D r u m l i n s E s k e r s
10 Ml
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Figure 1. Distribution of drumlins and eskers in the
Boston area (Fig. 5 from LaForge, Laurence,
1932, Area
chusetts: Geological Survey Bull. 839).
- 4 -
To be seen:
(1) stratigraphic sequence (Fig. 2) 
d. sandy clay and clay
c. clay
b. oxidized gravel
a. very compact clay
(2) folding and faulting
(3) unconformity above Clay c , (above)
Discussion:
(1) age and correlation of deposits (Table 1)
(2) depositional environment
(3) nature of deforming forces
(4) sea - leve l  fluctuations
Snake Island Stop, Winthrop, Massachusetts, Hull Quad. , Massachusetts
(Figs, 3, 4, 5),
The following geo log ica l features can be seen:
(1) boulder pavement
(2) marine c l i f f
(3) t i l l





(2) simple flying bar
(3) sub-aerial and submarine flying bars
(4) winged drumlin
(5) winged flying bar
Shirley Gut Stop, Boston, Massachusetts, Hull Quad., Massachusetts
(Figs. 3, 6, 7).
Discussion:
(1) Point Shirley, Deer Island
(2) Colonial and recent history
(3) closing of Shirley Gut
(4) hydraulic and longshore currents
(5) growth of spits
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D r i f t  I V
Boston bas in : 
m os t ly  outwash. 
Up lands :  till and 
outwash.
In outwash 
genera l ly  less 
than 4 ft, in
till I y? ft.
L o w e r  than 
- 3 0  ft.
O x ida t ion  o f  C l a v  I I I L o w e r  than
- 3 5  ft.
C la y  I I I
M a r in e  clay. 
M o r e  than 180 
ft th ick under 
lowlands. P re ­
compressed to
deptns  o f  70 ft.
Poss ib ly  de- 
posited when 
ice front  was 
not  far f rom 
Boston.
3 ft  under
D r i f t  I V ,  10
ft elsewhere.
Found  to  a l t i ­
tude -4- 25 ft
in Boston. 
Conta ins  fair ly 
deep water  
fauna sug­
gest ing sea 
level a b ove  
+  50 ft.
O x ida t ion  o f  D r i f t  I I I L o w e r  than 
-  20 ft.
I
i
D r i f t  I I I
1
1
T h e  drumlin till.
1
V e r y  compact  
i»i drumlins;  
Jess compact  
as ground 
moraine.
M a x im u m  65 It
in drumlins ;
where  less, 
ox id ized  zone
pi obab ly
eroded  by•
La te  W iscon ­
sin ice.
S. 60 ° -80 °  K.
Poss ib ly  above  




C la v  11*
I





P rob ab ly  source 
o f  shells in
D r i f t  I I I .
M a y  have•
been deposited 
dur ing  advance  
o f  low  an ice.
N o n e  where 
recognized.
M a y  have  1•
been eroded.
Poss ib ly  about
+  50 ft.
O x ida t ion  o f  D r i f t  I I - 4 5  ft (? )
I
D r i f t  I I
t
1
M o s t l y  g ra ve l ly
ou twash ;  some 
associated till.
Fo lded  in 
places.
65 ft or  more 
in sand and 
grave l .  Some 
pebbles
decomposed .
Unknown. Be low  — 75 ft.
C la y  I 1
1
P ro b a b ly  marine, i% P. c o g n i z e d  on ly  
m borings.
N o n e  n o t e d ; 
possibly 
eroded.
— 45 ft or
above.
D n f t  1
V e r y  compact  till. Recogn ized  v  it h
cer ta in ty  only• t
in deep borings.
N o n e  noted.
i
Unknown. (? )
1 Oxidised tone o f  all unite but D r i f t  IV  was subject to erosion by later ice.
2 A ltitude* re fe r  to preaent mean sea level.
Table 1. Pleistocene deposits of Boston, Mass.
(Table 1 from Kaye, C .A . , 1961, Pleis­
tocene stratigraphy of Boston, M ass.:  
U .S . Geol. Survey Prof. P. 424-B,
P. 73-76).
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B o sto n
BO ST B a y
D E E  H\\ I S L A N D
Fi$- 4 a , — Index m ap  o f  Boston H arbor, 
Massachusetts. A r e a  considered in tex t  outlined
M EAN H IGH W ATER
- U S Coast Survey, i860
Survey by Harbor and Land 
Com , 1098.
 Survey by Public Works
Dept of Mass., 1934 .
100 2 0 0  3 0 0  4 00 f t
r , j .  i b — Map of Shirley Gut iu I860, 1898, and 1934
Figure 6. Diagrams showing the
closing of Shirley Gut
Deer Island
+ (0 Appro*.mat* High Water
P R O F I L E S  O F  S H I R L E Y  G U T
-10 -




- 1 0 -
ft 9 . L4 .— Transverse  profiles o f  Shir ley  Gut






















Figure 7. Restoration of initial drumlin shoreline of the
Winthrop region, Boston Harbor. Broken lines 
show present form of shoreline . In center of 
map is a g lacial delta plain on which the v il lage 
of Winthrop is located.
after Johnson
Discuss ion:
(1) story of island







height and orientation of marine c lif fs
(3) localit ies
Shirley Gut Drumlin Stop Winthrop, Massachusetts f Hull Quad
(Fig. 3,8).
The following geo log ic  features are present:








(1) Why the change from a retrograding to a progr
o 0 Massachusetts
Short Beach Stop Winthrop, Massachusetts, Lynn Quad. , Massachusetts
(Figs. 3 ,9 ).
The following features can be seen:
(1) Beachmont drumlin; coalescing drumlins (Winthrop Highlands)
(2) boulder pavements
(3) peat, and marsh in back of beach





Winthrop Head Drumlin Stop, Winthrop,, Massachusetts, Hull Quad., Massa­
chusetts (Figs. 3, 10)

















































O ffah om  EUr
Figure 9. Stages .in the normal history of an offshore bar,
due account being taken of the effect of migrating 
inlets. Between stages F and G an inlet has 
migrated past the zone of the cross section,
9
producing conditions similar to those in stage 
C or D. 
after Johnson
Shore Processes and Shoreline Development,
W iley  and Sons, Inc.
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(4) c l i f f  profile
(5) yellow and gray till 
16 ) fossiliferous gray till
Subjects for Discussion;
(1) rate of recession, of marine c l i f f
(2) duration of coastal stability from boulder pavement
(3) restoration of drumlin
(4) distribution of fossiliferous t i l l
(5) distribution of fo s s i l i fe rous outwash
'6) age and climatic significance of shells
Roughans Point Stop Revere, Massachusetts, Lynn Quad, , Massachusetts
(F igs0 3, 11, 12, 13)0
The following features can be seen:
1) cuspate beach
!2) Cherry Island boulder pavement
(3) peat and marsh in back of beach 
'4) distribution of marine c l i f fs  on Beachmont drumlin
(5) peat on beach face
6 peat pebbles, limestone veneer on angular beach fragments
(7) Boston blue clay and Boston Harbor silts off shore
Subjects for Discussion:
1 Cherry Island drumlin
destroyed in 18th century 
size
(2) stratigraphic sections




(4 1 significance of peat and diatoms
(5) evolution of beach
Winthrop Beach S^p . Winthrop, Massachusetts, Lynn Quad,, Massachusetts
(Figs. 3, 14).
Discussion:
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(2) proof of post-g lacia l low stand of sea leve l 
beach ridges
archaeological evidence 
submerged weathering profiles 
submerged fresh water peat 
drowned forests
submerged sub-aerial va lleys  cut in Boston Blue 
oyster line 
marine peat
(3) breakwater (1934) 
prograding shoreline
Pre-Glacial Sea Level
Letters A  to P  m a r k  shot points 
For location o f  aectiona, see plate 14 s#o  U v * l -
590 1000 1500 feet
 1-----------------1
Depths to  bedrock determ ined  by seismo­
graph  by D. J. L inehan, seismologist, and 
E. T .  A p fe l ,  geo log is t .  1944
-50 ' -
- 100 ’ -
- 1 5 0 'J
level -











i— i M Ground surface N
Bedrock surface
0
S E C T I O N  K-P 
(N o rth  side o f  C harles  R iver,  C am brid ge)
r  cr
- 5 0 '
- 100'
L— 150’
a fte r  Chute
Figure 15. The buried bedrock va lleys that underlie
the Mystic Lakes and the Charles River.
(B e t w e e n  L o w e r  and U pp er  M ystic  Lakea)
S E C T I O N  D-J  























G la c ia l  S ea  Level
BYRD STATION T R A V ER SE  FEBR U A R Y  1957
DISTANCE (KILO M ETERS)
• =  SEISMIC SOUNDING
Profile from  Little America I to Byrd Station. Dashed line represents adjusted sea-level
L E G  3 L E G  A
J  S O U T H W E S T W A R D  FROM S E N T IN E L  M TS  W E S T W A R D  TO B Y R D  STATION
D I S T A N C E  ( K I L O M E T E R S )
• -  S E IS M IC  SO UN DING 
V E R T IC A L  E X A G G E R A T IO N  IIO'I
Profile along the Sentinel Mountains traverse route. Dashed line represents adjusted sea-level
a fte r  Bentley and Ostenso
Figure 16. Glacial and post-glacial sea 
leve ls  in Antarctica.
- 2 2 -
Scale of Miles .
y>t- 1/e %
By Russell Lenz, Chief Cartographer
Boston :  B e fo re  and After Land Fill-In Pro jects
R a lp h  W a ld o  E m erson 's  p o em  reca l ls  Bos ton  o f  1773
K en n e th  D. S w a n ,  M issou la ,  M on t .
Q. T h e  f o l l o w in g  p o e m  Is c r ed i t ed  to
E m erso n :
T h e  ro cky  nook  and h i l l tops  th ree  
L o o k e d  ea s tw a rd  f r o m  the fa rm s .
A n d  tw ic e  each day  the f l o w in g  sea.
T o o k  Boston in its arms.
T h e r e  is no quest ion  as to the r e f e r en c e s  to 
the h i l l tops  three,  the farms,  o r  the a lmost  c o m ­
p le te  en c i r c l em en t  o f  Boston by salt  w a t e r  at 
h igh t ide, but w h e r e  and w h a t  w as  " t h e  ro cky  
n o o k ? "
A .  T h e s e  ai . the  o p e n in g  l ines o f  E m e r ­
son's poem  "B o s t o n , ”  w h ich  w a s  r ead in  F a n eu i l
H a l l  Dec .  16, 1873, on the  cen tenn ia l  a n n i ­
v e r s a r y  o f  the Boston  T e a  P a r t y .  In  1773, the  
y e a r  o f  w h ic h  the  poe t  w as  w r i t in g ,  Bos ton
w a s  st i l l  a p ea r - sh a p ed  pen insu la  ju t t in g  ou t  
in to  the  bay ,  connec ted  to  the  m a in la n d  b y  
o n l y  a n a r r o w  s tr ip  o f  land. I t  s eem s  log ica l  
i • * assume that  this pen insu la  is th e  " r o c k y  
n o o k ”  E m erson  m en t ioned ,  as one  de f in i t ion  
o f  " n o o k , ”  n o w  obso le te ,  is " a  p r o j e c t in g  p ie c e  
o f  land . ”  A s  the  c i ty  g r e w  in popu la t ion  and 
im po rta n ce ,  land w a s  r e c la im e d  f r o m  the t ida l  
o v e r f l o w  o f  I he C h a r le s  R i v e r .  T h is  w a s  d on e  
b y  f i l l in g  in the B a y  area  w i th  land taken f r o m  
the  “ h i l l tops  th ree . ”  B eacon  H i l l  is the  o n l y
one  n o w  rem a in in g .
Figure 17
courtesy Christian Science Monitor
- 2 3 -
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MAPS
U.S Dept:. Interior, Geological Survey, Boston South Quad., Massachusetts
U .S . Dept. Interior, Geological Survey, Hull Quad,, , Massachusetts
U .S . Dept. Interior, Geological Survey, Lynn Quad., Massachusetts
U.S. Dept. Interior, Geological Survey, Newton Quad,, Massachusetts
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NORTHEASTERN MASSACHUSETTS GEOMORPHOLQGY- Sunday. Trip A
Robert L. N ichols, Tufts University
Patch Beach Stop, Beverly, Massachusetts, Marblehead North Quad. , Massa­
chusetts (Fig. 1).
Features to be seen:
(1) uplifted marine clay
(2) marine c l i f f
(3) retrograding baymouth beach
(4) va lley  cut in clay
(5) magnetiferous and pyritic sands
(6) man-made f i l l
Discussion:
(1) Colonial trail
(2) city land grab
(3) magnitude o f  marine erosion since Colonial time
(4) reason for location of va l ley
Rafe's Chasm Stop, Normans W oe, Magnolia, Massachusetts, Gloucester
Quad., Massachusetts (Fig. 2).
Magnificent examples of marine chasms eroded along trap dikes and 
shear planes (you have never seen any as good).
Geolog ic  features to be seen:
(1) dike chasms




(6) s ingle , compound, and composite d ikes, screens
(7) .phenocrysts and inclusions in dikes
(8) Quincy Granite
Discussion:
(1) glacial erosion along dikes
(2) positions of sea leve l
(3) origin of bedrock c lif fs
Topsfield Road Stop, Ipswich, Massachusetts (1.8 miles from Ipswich Post
Office going southwest along Topsfield Rd.).
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cement cap of fence post
significance ?
lh feet long
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p re -g la c ia l  weathering proof-? 
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D is c u s s io n :
(1) significance of oddly shaped boulders
(2) pre-glacial weathering
North End of Plum Island Stop, Newburyport, Massachusetts, Newburyport
East Quad. , Massachusetts (F ig s .4, 5, and 6).
Plum Island is a barrier beach between 7 and 8 miles long and in 
most places between \ and 1 mile wide. It is composed mainly of beach sands 
and gravels, dune sand, and marsh deposits, although on its southern end 
there are small areas of t i l l ,  outwash, and marine clay. Salisbury beach, 
which is north of Plum Island, is also a barrier beach about 4-| miles long com­
posed of beach sands and gravels , dune sand, and marsh deposits. The Merri­
mack River reaches the ocean between Plum Island and Salisbury beach.
The northern end of Plum Island is forked. The eastern prong is 
approximately 1̂  miles long and at its widest point \ mile wide. Between the 
eastern and western prongs is a shallow body of water called the Basin.
A study of maps made in 194 2 by the U .S . Army Engineers showed 
that the eastern prong had been formed in the last 113 years.
In 18 27 the northern end of Plum Island was not forked. Between 
1827 and 1851 the eastern side retrograded about half a mile southward. The 
western side was modified later to form the western prong. Following this 
period of retrograding southward, a spit, attached to the eastern side, pro­
graded northward so that by 1851 it was more than a mile long. Since 1851 
this spit, the eastern prong, has greatly increased in s ize . In 1942 it had 
an area of approximately .3 sq. mile.
North Ridge Stop, Ipswich, Massachusetts, Ipswich Quad., Massachusetts.
Dune-Veneered Spit West of Steep Hill Stop, Ipswich, Massachusetts,
Ipswich Quad. , Massachusetts (Fig. 7 ),
Castle Neck Stop, Ipswich, Massachusetts, Ipsv/ich Quad., Massachusetts
(Fig. 7).
Geolog ic  features which can be seen are:
(1) dune-veneered drumlin
(2) dune-veneered foss i l  marine c l i f f
(3) dune-veneered tombolo and spit
(4) second-story boulder pavement
(5) periglacial ventifacts















































































P L U M  I S L A N D  “ S A L I S B U R Y  BEACH
S H O R E  LINE C H A N G E S
A T  M E A N  HIGH T I D E
/ 8 2 7  U  S  A R M Y  E H G / M E E R S  
/Q5/ n  n  9t
/9/S » t  *» n
/9 4 0  R . L . N I C H O L S
(by Robert L. Nichols)
(yaee. Dept, of Public *orke- 0. S. Dept, of the 
^  I n t e r io r ;  Cooperative Ceologic Project,
V V  B u lle t in  7 ,  1941.1
irfACK
I S L A N Dplum
Figure 6. Map showing successive positions of
the northern end of Plum Island, and the 
southern end of Salisbury Beach from 
1827 to 1940.
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North Ridge Stop, Ipswich, Massachusetts, Ipswich Quad., Massachusetts.
S p it s ,  beaches and s a n d  dunes
jNorth  Ridge 
Great NechSw L a n d  a r e a s  c o n s i s t i n  
r o c k  v e n e e r e d  w i t h  ,
d e p o s i t s .P l o v e r  Hi l l
North Ridge
drumlin . . . . .  , .cla y - t i l l  contactt i l l
elevated marine clay- 
weathered t i l l  below clay 
multiple glaciation?  
clay pebbles on beach 
wave-out platform 
on t i l l  
on clay 
marine c l i f f  
elevated marine c l i f f ?  
elevated wave-cut p latform7 
elevated boulder pavement? 
patches of loess in road cuts 
few feet thick 
weathered loess
Figure 7. A map showing North Ridge, Castle Neck, and the
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L A T E - G L A C IA L  
DEPOSITS
GLAC IAL
D EPO S IT S
POST- GLAC IAL  
D EPO S ITS
C/) o - l
Dune-Veneered Spit West of Steep Hill Stop, Ipswich, Massachusetts,
Ipswich Quad. , Massachusetts.
Ipswich, Mas s . Quae.
U. S* G« S*
(west o f  Steep H i l l )
Ipswich River  
Steep H i l l
plane table  survey by
Robert L. Nichols, 19^0
sp it  »--------





t i l l
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dune veneered t i l l
dune veneered drumlin
dune buried so i l  on drumlin
beach veneered boulder pavement








ripp le  mark migration
yardangs
garnetiferous sand 
boundary of drumlin and beach 
boundary of drumlin and dunes 












wave cut platform  
beach deposits  
retrograding c l i f f  
retrograding beach 
f u l crum I 
fulcrum I I  
fulcrum I I I  
sh i f t in g  fulcrum 
i n i t i a l  shoreline  
marine c l i f f  I f I I ,  I I I .
garnet history  
bedrock— ^  t i l l beach dunes
Figure 9. Dune-veneered spit immediately west
of Steep H i l l ,  Ipswich.
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PRESENT FORM OF TH E  CASTLE N ECK  AREA
(M u *. Dept, o f  Public *o rk * -  0 .  S .  Dept, o f  the 
I n t e r io r j  Cooperative Geologic P r o je c t ,  
B u l le t in  7 ,  1 M 1 .)
Ceetle leok
Ceatle leok
Cast l e  Neck drumlin 
Cast l e  Hi l l  
Steep Hi l l  
L i t t l e  Neck 
Plover Hi l l  
Great  Ne c k 
North Ridge
IN ITIA L  ISLAND STAGE OF THE CASTLE NECK AREA
STAGE I
C.N D
SECOND STAGE IN THE DEVELOPMENT OF THE CASTLE NECK AREA
STAG E n
CN.D
FOURTH S TA G E  IN TH E DEVELOPMENT OF TH E CASTLE NECK AREA
S T A G E  m
CND
C.N.D.
THIRD STAGE IN TH E DEVELOPMENT OF TH E  C A S T L t  NECK AREA
Figure 10. Diagram showing 5 stages in the evolution of
Castle Neck and neighboring beaches.






Bedrock Buried Surface Stackyard
. , Parker Road
f t ./ c e n tu ry  R | v e r  ,
Subsidence Rates 
Between Upslope 
Points on Fresh- 
Salt W a te r  Boundary





PLUM ISLAND  R
C o m p u te d  
1 9 0 0  year 
Boundary
38'/c : Su bs idence  R a te .  ft ./cent
Cross-section of Plum Island marsh correlated with radiocarbon dated peat.
I. Indicates subsidence rates calculated on fresh marsh peat between upslope 
points. II. Shows marsh development rates calculated from position of dated 
peat to the surface. III. Portrays subsidence rates between the upslope fresh 
salt water boundary.
a f t e r  McIn t i r e  and Morgan
Figure 11. C ro s s - s e c t io n  o f  Plum Is land marsh
correlated with radiocarbon dated peat.
- 3 9 -
(7) grain s ize  of beach and eolian sand (Plum Island, Castle
Neck, e tc . )
MAPS
(1) U .S . Dept. Interior, Geolog ica l Survey, Gloucester Quad. , Massachusetts
(2) U .S . Dept. Interior, Geolog ica l Survey, Marblehead North Quad., Mass.
(3) U .S . Dept. Interior, Geological Survey, Ipswich Quad., Mass.
(4) U .S . Dept. Interior, Geologica l Survey, Newburyport East Quad., Mass.
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